Three new groups (phleum mottle virus, southern bean mosaic virus and carnation mottle virus groups) are proposed for plant viruses which have small spherical particles sedimenting as a single component and each containing a single RNA species. The grouping is based on a range of characters including sedimentation coefficient, stabilization of the capsid, banding behaviour in Cs2SO4, protein subunit molecular weight and distribution of particles within the cell. 
INTRODUCTION
There are more than 2o plant viruses with small spherical (isometric) particles which sediment as a single component and each contain a single RNA species with a molecular weight of about 1.4 x io ~. Those that are listed in the CMI/AAB Descriptions of Plant Viruses are placed either in the tombusvirus group (Harrison et al. I97I) or under 'other viruses with isometric particles'; these authors also suggested a group based on tobacco necrosis virus. Waiters (I969) proposed a southern bean mosaic virus (SBMV) group to include beetle-transmitted single-sedimenting nucleoprotein component viruses such as cocksfoot mottle (CfMV), turnip crinkle (TCV) and cowpea chlorotic mottle (CCMV); CCMV is now known to be multicomponent and is grouped in the bromoviruses (Harrison et al. I97I) . Other attempts to compare the properties of these viiuses have not resulted in any further definitive grouping (for example Haselkorn, 1966; Paul & Huth, I97O; Tremaine, I97O; Nelson & Tremaine, I975) .
A virus group has been defined as a collection of viruses and/or virus strains each of which shares with the type member all, or nearly all, the main characteristics of the group (Harrison et al. I97I ) . Choosing the main characteristics should involve considering as many as possible of the properties of each virus. In this paper I am proposing that the small single RNA component spherical plant viruses can be divided into five groups, the two previously suggested by Harrison et al. (1970 and three new groups. METHODS Many of the data used in this paper have been obtained from the literature. The determinations of the unpunished observations which are listed used the following techniques: sedimentation coefficient (Hull, Hills & Markham, I969) ; equilibrium centrifugation (Hull, I977a) ; nucleic acid molecular weight determination (Hull & Lane, I973) ; protein molecular weight determination (Hull & Shepherd, I976) but using oligomers of lysozyme (Payne, I973) as markers; electron microscopy of thin sections (Hull, Hills & Plaskitt, I969 
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RESULTS

The groups Phleum mottle virus group
This group consists of six viruses (phleum mottle, PMV; cocksfoot mild mosaic, CMMV; molinia streak, MSV; festuca mottle, FMV; brome stem mottle, BSMV and holcus transitory mottle viruses, HTMV) whose host ranges are almost completely restricted to the Gramineae. PMV is suggested as the type member as it has precedence in description (Catherall, I966) . They are all seiologically inter-related (Table I ) but are not serologically related to members of other groups. PMV and CMMV are transmitted by beetles (Catherall, 197o; Paul, Huth & Querfurth, 1974) ; CMMV is also transmitted by aphids (Huth, Brandes & Paul, I97O) , as is FMV (Gibson & Boyes, 1974) . In electron microscopy of thin sections, CMMV and PMV particles are found in the cytoplasm but not in the nuclei; they sometimes form crystalline arrays (Chamberlain & Catherall, 1976) .
From Table I it can be seen that the four viruses tested have protein molecular weights in the range 25000 to 27o0o; no co-electrophoresis work has been reported so this range could be real or be due to the estimates being made in different laboratories. The reported sedimentation coefficients may differ for the same reason. PMV forms a single band in both CsC1 and Cs~SO4 gradients (p = 1-365 g/ml and 1"338 g/ml respectively; R. Hull, unpublished observations).
Three other viruses might belong to this group: lolium mottle virus (LMV) has particles which sediment at I I3S (A'Brook, 1972 ) and form a single band in both CsC1 and Cs2SO4 gradients (p = 1-36o g/ml and 1.335 g/ml respectively; R. Hull, unpublished observations). LMV nucleic acid has a molecular weight of 1.38 × lO 6 and the protein a molecular weight of 25ooo (R. Hull, unpublished observations). The virus is not serologically related to PMV or CMMV (A'Brook, I972). Panicum mosaic virus (PaMV) and the serologically related St Augustine decline virus (SADV) have particles which sediment at Ic9S and Io2S respectively (Lee & Toler, 1973; Niblett & Paulsen, 1975) ; PaMV has a non-infectious 42S component. No serological tests between PaMV, SADV and members of the phleum mottle virus group have been reported.
Southern bean mosaic virus group
Each of the viruses which can be grouped with southern bean mosaic virus (SBMV) ( Table 2 ) has a narrow host range. SBMV, cocksfoot mottle virus (CfMV) and rice yellow mottle virus (RYMV) are transmitted by beetles (Catherall, 1970; Sbepherd, 197 I; Bakker, i975) . Sowbane mosaic virus (SMV) is reported to be transmitted by leafminers, leaf hoppers and fleahoppers (Kado, 1971) ; it is also seed-transmitted, as is SBMV. None of these viruses is serologically related either to one another or to members of the other groups (see Kado, I967; Sergeant, 1967; Hollings & Stone, 1969; Bakker, I974) .
It can be seen from Table 2 that the members of the southern bean mosaic virus group have particles which sediment at about 1 io to izoS, have molecular weigbts of about 6-0 to 6"5 x lO 6 and each has a single polypeptide species with a molecular weight around 30000; each virus contains nucleic acid of molecular weight about 1"4 x lO 6. Hull (I977a) has shown that all the members of the SBMV group form a single band in CsC1 gradients but several bands in Cs2SO 4 gradients. Each of these viruses has its structure stabilized by divalent cations, a pH-dependent bond and by protein-RNA interactions (Hull, I977b ) . Examination of the particles of SBMV, turnip rosette virus (TRosV), SMV Catherall & Chamberlain (1975) . 
Properties of the phleum mottle virus group
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Carnation mottle virus group
The four viruses (Table 3) which are tentatively grouped are not serologically related to one another or to any of several of the viruses in other proposed groups (Tremaine, I97o; Waterworth & Kaper, : 972; Stone & Hollings, 1973 )-The grouping is based on each of them having a single-sedimenting nucleoprotein component and a single polypeptide species of molecular weight about 4oooo; the 39ooo molecular weight protein of narcissus tip necrosis virus (NTNV) was considered to be a degradation product of the larger protein (Mowat, Asjes & Brunt, :976) . The particles of carnation mottle virus (CMtV) form a single band in CsC1 gradients but two bands in Cs2SO4 gradients (Hull, :977a) ; they are stabilized by divalent cations and a pH-dependent bond but not significantly by RNAprotein interactions (Hull, I977b) . However, this virus differs from SBMV in Cs2SO4 banding behaviour and capsid stabilization (Hull, ~977a, b) . The banding behaviour and stabilization of the other three viruses is unknown. In thin sections, particles of CMtV are found in both the cytoplasm and nucleus; no crystalline arrays of particles were reported (Robleda, :973) .
Further work is needed on the properties ofpelargonium flower break (PFBV), elderberry latent (ELV) and narcissus tip necrosis (NTNV) viruses to seek confirmatory evidence for Virus Carnation mottle Pelargonium flower break Elderberry latent Narcissus tip necrosis Table 3 . Properties of the carnation mottle virus group their inclusion in this group. It would also be interesting to know why ELV has a much lower sedimentation coefficient than that of the other viruses.
Tobacco necrosis virus group
This is one of the groups proposed by Harrison et al. (i97i) and contains tobacco necrosis virus (TNV; Kassanis, 1970) and possibly cucumber necrosis virus (CNV; Dias& McKeen, 1972 ) . Both viruses are transmitted by chytrid fungi but they differ somewhat in physical properties (for example S2o.w TNV = 118, CNV = I33; protein molecular weight ofTNV = 335o0, CNV = 4o3oo).
Tombusvirus group
This group was also proposed by Harrison et al. (1971) and has been reviewed by Martelli, Russo & Quacquarelli (1977) . It contains several viruses which are serologically related to the type member, tomato bushy stunt virus (TBSV; see Hollings & Stone, 1975) and probably the serologically unrelated turnip crinkle (TCV) and saguaro cactus viruses (SCV; Nelson & Tremaine, 1975) . The inclusion of the latter two viruses is based on base ratio analyses and protein composition; however, SCV sediments 1o ~ more slowly than TCV and TBSV (Nelson & Tremaine, 1975) and TCV is beetle-transmitted (Hollings & Stone, 1972) whereas TBSV is soil-transmitted (Martelli, Quacquarelli & Russo, 1971 ) . TBSV and TCV each form a single band in Cs2SO~ gradients and divalent cations are not involved in the stabilization of their capsids (Hull, I977a) .
DISCUSSION
The five virus groups listed above clearly differ from one another in several major characters. Perhaps the most consistent character is coat protein molecular weight, with those viruses which have proteins of molecular weight about z5ooo belonging to the PMV group, 3oooo to the SBMV group, 4o0oo to the CMtV group and those with two (or more) protein species belonging to the TBSV group. Other characters are also important in separating the groups, for example, banding behaviour in Cs2SO 4, capsid stabilization and sedimentation coefficient.
It is interesting to note that, although there is a range of protein molecular weights in all these viruses and many have capsids of i8o subunits, most, if not all, have RNA molecular weights around I-4 × Io~. The factors limiting the RNA to this size are not yet known but might be either structural (packing within the virion) or functional (coding capacity). The apparent correlation between the sedimentation coefficient of the particles of each virus and the molecular weight of the major capsid protein is to be expected if the particles are constructed on the same physical principles. However, this correlation does indicate some estimates of s~0,w or protein molecular weight which should be re-checked (for example, festuca mottle virus). This grouping of viruses reveals areas where more work is needed, for example on panicum mosaic, pelargonium flower break and elm mottle viruses, to enable them to be correctly classified. It also points to viruses which might have been wrongly grouped for example, cucumber necrosis virus (CNV); from the reported properties CNV might be better placed in the carnation mottle virus group rather than the tobacco necrosis virus group.
